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1. Introduction
It is shown in refs. [1] and [2] that in the temporal gauge formulation of the Yang–Mills
theories introduced in refs. [3] [4] [5] one can define and compute the potential between q and q¯
external sources in the singlet and in the adjoint representation of the colour group.
Based on the theoretical approach developed in ref. [1], in this poster we present the first few
results of a set of lattice simulations carried out on a system where a qq¯ pair of static colour sources
is in interaction with a Yang–Mills field.
2. External sources in the temporal gauge
The content of this talk is mainly based on the results of ref. [1] of which we will reproduce
the relevant formulas.
The Feynman kernel in the presence of qq¯-sources in the A0 = 0 gauge reads
K(A2,s2,r2;A1,s1,r1;T ) =
∫
G0
Dµ(h) [Uh(xq)]s2s1 [Uh(xq¯)]
∗
r2r1K˜(A2
Uh ,A1;T ) , (2.1)
K˜(A2,A1;T ) =
∫ A(x,T2)=A2(x)
A(x,T1)=A1(x)
DAexp [−SYM(A,A0 = 0)] , (2.2)
where Dµ(h) is the invariant Haar measure over the group, G0, of the (topologically trivial) time-
independent gauge transformations that tend to the identity at spatial infinity.
The states which are the basis of the spectral decomposition
K(A2,s2,r2;A1,s1,r1;T ) =∑
k
e−EkTψk(A2,s2,r2)ψ?k (A1,s1,r1) (2.3)
are eigenstates of the Hamiltonian with eigenvalue Ek
H ψk(A,s,r) = Ekψk(A,s,r) (2.4)
and transform covariantly under Uw(x) ∈ G0 according to
ψk(AUw ,s,r) =∑
s′,r′
[
e−iλ
awa(xq)
]
ss′
[
eiλ
awa(xq¯)
]
r′ r
ψk(A,s′,r′) . (2.5)
The scalar product in the Hilbert space of energy eigenstates with gauge transformation proper-
ties (2.5) must be defined via the Faddeev–Popov procedure as [6]
(ψ,φ) =
∫
DµF(A)∑
s,r
ψ∗(A,s,r)φ(A,s,r) , (2.6)
DµF(A) = ∆F(A)∏
x
δ [F(A)]dA(x) , 1 = ∆F(A)
∫
G0
Dµ(h)δ [F(AUh)] . (2.7)
The scalar product is independent of the gauge fixing functional F(A). In the following numerical
simulations we will choose F(A) = ∇A.
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3. Energy eingenstate classification
The energy eigenstates in a given colour channel are classified according to irreducible repre-
sentations of the colour group, which acts on the states as
U (V )ψ(A,s,r) =Vss′ψ(AV ,s′,r′)V †r′r . (3.1)
Parametrizing theH -eigenfunctionals in the qq¯ sector as
ψ(A,s,r) = φ(A)δsr+φa(A)λ asr , (3.2)
it is shown in [1] and [2] that the states must obey one of the following alternatives
• φa(0) = 0 and φ(0) 6= 0
• φ(0) = 0 and φa(0) 6= 0 (for some a)
• φ(0) = φa(0) = 0
in correspondence to different types of irrep’s discussed in detail in ref. [1]. As a consequence
the H -eingenstates are classified in four types according to how ”spin” and ”orbital” functionals
transform under global colour rotations. One gets
(1) spin singlet ⊗ orbital singlet states (φa(0) = 0 & φ(0) 6= 0)
ψ [S][S] (A) = φ(A)I , with φ(A
V ) = φ(A) ∈ [S]orbit
(2) spin adjoint ⊗ orbital singlet states (φ(0) = 0 & φa(0) 6= 0)
ψ [S][Ad](A) = λ
aφa(A) , with φa(AV ) = φa(A) ∈ [S]orbit
(3) spin singlet ⊗ orbital [α] states (φ [α]m (0) = 0)
ψ [α]m [S](A) = φ
[α]
m (A)I , with φ
[α]
m (AV ) = R
[α]
mm′(V )φ
[α]
m′ (A) ∈ [α]orbit
(4) spin adjoint ⊗ orbital [β ] states combined in the irrep. [α ′] (φak(0) = 0)
ψ [α
′]
m [Ad](A) = λ
aφak(A) , with φak(A
V ) = R[β ]kk′ (V )φak′(A) ∈ [β ]orbit
4. Extracting singlet and adjoint potentials in numerical simulations
We first of all computed on the lattice the quantity∫
DµF(A)
∫
G0
Dµ(h) [VUh(xq)]ss[VUh(xq¯)]∗rrK˜(A
VUh ,A;T ) =∑
n
e−EnTχn(V ) , (4.1)
which checks the colour content of the energy eigenstates of the theory, as a function of their colour
character.
The numerical results for eq. (4.1), shown in Fig. 1, are obtained performing Monte Carlo
simulations of the pure lattice gauge theory with the standard Wilson action on lattices of size
103×4 and coupling β = 6.0. The quantity in eq. (4.1) is computed rotating by a matrixV ∈ SU(3)
the spatial boundary links at the final time. For each matrix V we generated a different ensemble
3
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Figure 1: Numerical results for eq. (4.1) as a function of χ8(V ), the octet character of V , at various fixed
distances R= |xq−xq¯|.
with a number of lattice configurations varying from 2000 to 10000. The statistical errors are
estimated using a jackknife algorithm.
The V independence of the plot in Fig. 1 seems to suggest that only global colour singlets
contribute to the kernel in eq. (2.3). This fact may be due to either colour confinement, which
would imply that only global colour singlet states survive in the theory, or as discussed in refs. [1]
and [2], that in the numerical simulations the integration over the group of topologically trivial
gauge transformations, is effectively extended to the group G also including global colour rota-
tions. This colour averaging would have the effect of washing out the contribution of the colour
non-invariant states. Further numerical investigation is needed to discriminate between these two
possibilities.
A step in this direction was to compute on the lattice the quantity
K(R;V)≡
∫
DµF(A)
∫
G
Dµ(h) [Uh(xq)]ss[Uh(xq¯)]∗rrK˜(A
V †Uh ,A;T ) .
for which one can prove [1] the expansion formula
K(R;V) =∑
n
e−EnTχorbn (V ) ,
where χorbn (V ) are the characters of the colour group representations to which the “orbital” (i.e.
gluon) wave functions contributing to eq. (2.3) belong.
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Figure 2: Numerical results for eq. (4.2) as a function of χ8(V ) at various distance R= |xq−xq¯|.
The numerical results we found for K(R;V ) (eq. (4.2)) are shown in Fig. 2. Since a numerically
expensive gauge fixing procedure is needed for the evaluation of this quantity, we used only a subset
of the configurations used to evaluate eq. (4.1). Fig. 2 seems to indicate that only “orbital” octets
and singlets contribute to eq. (2.3). Putting this information together with the previous observation
that only global colour singlets appear in the theory, we are led to the conclusion that the singlet
“orbital” wave function must be associated to the singlet “spin” function, while the octet “orbital”
wave function must be associated to the octet ”spin” function.
These conclusions are confirmed by the data shown in Figs. 3 and 4. If we parametrize the
results of the quantity in eq. (4.2) in the form
K¯(R;V ) = A(R)+χ8(V )B(R), (4.2)
where
A(R) =∑
n
e−E
[S]
n (R)T (4.3)
and
B(R) =∑
n
e−E
[Ad j]
n (R)T , (4.4)
one can extract the values of the parameters A and B from a linear fit to the numerical data in Fig. 2.
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Figure 3: Comparison between the fit parameter A(R) and the singlet correlator at β = 6.0 and volume
103×4.
In Fig. 3 we compare the potential energy of the singlet “spin” contribution extracted from the
singlet character dependence (eq. (4.3) and Fig. 2) and the same quantity computed by means of
the gauge fixing procedure of the total trace of the Feynman kernel, i.e. from the singlet-projection
∑
s2r2s1r1
1
Nc
δr2s2δs1r1
∫
DµF(A)K(A,s2,r2;A,s1,r1;T ) . (4.5)
This quantity is computed on configurations generated with the same Monte Carlo algorithm and
lattice parameters as before, but imposing periodic boundary conditions also in the time direction.
The plot in Fig. 3 clearly shows that the two ways of evaluating A(R) lead to perfectly consistent
results.
The same procedure applied to the octet leads to the plot in Fig. 4. The lattice quantity to be
compared with B(R) (eq. (4.4)) is evaluated by computing the gauge fixed octet-projection
2 ∑
s2r2s1r1a
λ ar2s2λ
a
s1r1
∫
DµF(A)K(A,s2,r2;A,s1,r1;T ) . (4.6)
Fig. 4 again shows perfect agreement between the two ways of computing B(R).
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Figure 4: Comparison between the fit parameter B(R) and the octet correlator at β = 6.0 and volume 103×4.
5. Conclusions
In this talk we have presented some preliminary results of numerical simulations with the
purpose to study, in a non-perturbative context, the results of ref. [1].
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